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EFFECT OF BETA-RADIATION ON MITOTIC ACTIVITY IN THE
SKIN OF THE YOUNG RAT*
KIMIE FUKUYAMA, M.D., I. A. BERNSTEIN, PH.D. AND ARTHUR C. CURTIS, M.D.
Ionizing radiation affects the metabolism of
the nucleic acids (1). The synthesis of deoxy-
ribonucleic acid (DNA), measured by the in-
corporation of a tracer, is consistently depressed
(2) while the response of ribonucleic acid (RNA)
is quite variable (3). Since most studies of radia-
tion effects on metabolism have been done with
extremely high doses of whole-body x-radiation,
the results may be complicated (a) by tissue de-
struction in the target tissue and (b) by secondary
effects from other organs and tissues which have
been irradiated simultaneously. These complica-
tions might be eliminated if such a study were
carried out on mammalian skin exposed externally
to a pure beta source at a dosage below that
which would produce a morphological change,
e.g. an inhibition of mitotic activity (4). This
paper describes a technic for exposing newly born
rats to an external beta source (P32) and reports
the effects of various doses on the mitotic rate of
cells in the hair follicles and epidermis.
METHOD5
Radiation Technic
The source (B of Fig. 1) consisted of an open
cylinder of filter paper (Whatman No. 1), 3 cm.
in diameter and 6 cm. in length, impregnated
evenly with 10 to 50 millicuries (mC.) of Na3-
RP3204. The cylinder was made from a strip of
filter paper, 47 cm. x 6 cm. To impregnate the
source, the cylinder was placed on end in a jar
containing the Na2RPnO4 in 4 ml. and the jar
was closed. This amount of solution is just suf-
ficient to spread the 32 evenly as the solution rises
in the paper. The source, when dry was placed on
a tube (c), open at both ends, made from a centri-
fuge tube of cellulose nitrate (2.9 cm. in diameter,
Catalogue number 205, Ivan Sorvall, Inc., Nor-
walk, Connecticut) and the entire assembly was
put inside a glass tube (A).
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The animal cage (D) was an open cylinder, 2.5
cm. in diameter and 10 cm. in length, made of ordi-
nary aluminum screen (1.5 mm.2 holes) and
mounted on a solid wooden cylinder as shown in
Fig. 1.
The cage containing the rat was placed inside
the source for the desired period (see Fig. 2). The
plastic tube prevented radioactive contamination
of the cage or the animal.
Since there is no satisfactory way of determining
absolutely the actual exposure of the animals,
dosages have been expressed as the number of
millieuries of 32 with which the standardized
filter paper cylinder was impregnated times the
number of minutes of exposure (e.g., 50 mC. X 5
mm., 250 mC. mm.).3
Animal and Histological Procedures
Newly born (4—7 days old) rats of the Sprague-
Dawley strain raised at the University of Michigan
were used. The animals were separated from their
mother a few minutes before exposure and re-
ceived no sustenance or water during the experi-
mental period. Control animals were taken from
each litter for comparison with littermates ex-
posed to beta-radiation.
Skin samples, approximately 1 cm.', were taken
from both dorsal and ventral sides of the animals
after 2, 4, 6 and 8 hours post-radiation. The
samples were fixed immediately in Bouin's solu-
tion. After more than 24 hours of fixation, the
samples were put into p-dioxane for 18 hours, the
solvent being changed every 6 hours. The samples
were embedded in paraffin, and were sectioned at
4 microns. Several sections were made from each
sample and all sections were stained with hema-
toxylin-eosin.
For determination of the mitotic rates, the
number of dividing cells per 1500 epidermal cells,
having a distinct nucleus and clearly distinguish-
able from other cells, were counted under the
microscope (ocular 10, objective 90). The mitotie
activity of the follicles was determined by count-
ing the cells in the matrix region. All the different
stages of division from the earliest prophase to
the late telophase were counted as in mitosis.
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'Preliminary data indicate that a dosage of
30 mC. mm. corresponds to approximately 7 rad.
40 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 2
RESULTS
The animals were exposed to various dosages
from 30 to 240 mC. mi Mitoses were counted
in both epidermis and hair follicles at 2, 4, 6,
and 8 hours post-radiation. The data from those
experiments are summarized in Table I.
Since mitotic rate varied greatly from litter
to litter, the greatest deviation from the mean
observed in the control animals (littermates)
was taken as the normal deviation. This devia-
tion was per cent in the epidermis and 18
per cent in the hair follicles. The mitotic rates
in the control animals varied between 0.06 and
0.4 per cent of epidermal cells and between 0.76
and 2.36 per cent of follicular cells.
The lowest dose, 30 mC. mm. showed neither
significant suppression nor stimulation of mi-
tosis. Between 45 and 60 mC. mm,, a marked
p2
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TABLE I
Inhibition of mitosis resulting front beta-radiation
Per Cent of Control Rate at Indicated Hours
Post-Radiation
Epidermis Hair Follicles
4 6 8 2 4 6 8
No. of
Per Cent Control Rate at mdi-
cated Hours Post-Radiation
Rats
3d 4 1 lid 2
Epidermis 15 87 75 44 4 0
Hair Follicles . . . . 15 100 100 63 22 0
increase in mitotic rate occurred following an
insignificant decrease. Doses of 80 and 115 mC.
mm. showed both depression and stimulation.
Exposure to doses of 90, 115, 140, 170, 230 and
240 mC. mm., resulted in complete inhibition of
mitotic activity in the epidermis. In the hair
follicles, the degree of suppression seemed to
increase parallel with an increase in the dose of
beta-rays. With doses greater than 140 mC. mm.,
the recovery process was observed, but "over-
compensation" (5) was not significant during the
8-hours period of observation. At the level of
240 mC. mm. the suppression of mitosis in the
hair follicles began 1 hour after radiation and
gradually increased, while in the epidermis the
rate of mitosis was decreased as early as 30
minutes after radiation (Table II).
DISCUSSION
From the results of these experiments, it is
obvious that a dose of 30 mC. mm. or less will
have to be used in the study of the effects of
beta-radiation on the metabolism of the nucleic
acids. No effect on the mitótic rate by this dosage
was observed. We presume, therefore, that if a
biochemical effect is observed after exposure to
such low doses, the results would not be com-
plicated by cellular destruction.
The following two features should be con-
sidered in evaluating the results of these experi-
ments: (a) the decrease in the rate of mitosis,
and (b) the recovery following the initial de-
crease—including the so-called "overcompensa-
tion" phenomenon. The reasons for these two
opposite effects—depression and stimulation—
are not known.
The suppression of mitosis, observed after
various doses of beta-radiation, seems to increase
progressively and reach a maximum about 2
hours post-radiation. This may result because
cells already past the radiation-sensitive stage
of prophase are able to complete mitosis—
although perhaps at a lower than normal rate (6).
The reported stimulation of the mitotic rate
by gamma (5) and x-radiation (4) has been ex-
plained as the result of the "piling up" of cells
from two sources. The first represents cells in
which the process of division had been delayed
by radiation, and the second, very young cells
which were not affected by radiation and which
would normally have divided at this time. The
stimulation of mitosis in the animals exposed
to 45 and 60 mC. mm. of beta-radiation, however,
appeared unaccompanied by any significant
previous delay. This result suggests the possi-
bility that some other factor may play a role
in the increased mitotic activity of epidermal
tissues after beta-radiation. Since observation
beyond 8 hours was impractical in these experi-
ments, we do not know whether or not doses
greater than 115 mC. mm. also result in "over-
compensation". Beta-radiation, however, seems
to produce more pronounced stimulation of
mitosis than gamma or x-radiation. This phe-
nomenon may be the explanation for the great
incidence of skin tumor formation (7) and so-
called "downgrowths" of epithelium (8) which
occur following exposure to single, whole-body
beta-radiation.
SUMMARY
The mitotic activity in the epidermis and hair
follicles of young rats after exposure to an cx-
Radiation
Dosage(mC./
mm.)
30
45
60
80
90
115
140
170
200
230
240
No.
of
Rats
8
9
12
10
4
9
7
6
10
8
82
70
75
7*
0*
0*
0*
30
17*
21 *
0*
110 55?
85 105
160f 105
85 142f
114 128
60* 90
20* 20*
0* 83
0* 128
80
70
165t
230f
142f
80
120
100
100 117
100 148t
159t 200t
88 13Sf
62* 84
30* 109
8* 91
4.8* 29*
15* 134
85
82
86
46H
15*
17*
18*
18*
54*
5*
0*
82
102
159t
183f
96
90
91
95
* Depression.
t Overcompensation.
TABLE II
Early inhibition of mitosis after bela-radiation
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ternal source of beta-radiation was studied. A
dose of 30 mC. mm. was the maximum showing
no effect on the rate of mitosis. Stimulation of
mitosis was seen at doses of 45 and 60 mC. mm.
A depression in mitotic activity was observed at
doses higher than 80 mC. mm. At 80 and 115
mC. mm. there was a significant stimulation fol-
lowing the initial suppression.
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DISCUSSION
DR. I. A. BREN5TEIN (Ann Arbor, Michigan):
I would like to add that we were surprised to
find, in our preliminary work, that a dosage of
30 mC. mm. had no effect on the incorporation
of P12 into the nucleic acids: In fact, a dosage
(90 mC. mm.) which resulted in an almost com-
plete inhibition of mitosis within two hours pro-
duced no effect on the incorporation of the tracer.
We, therefore, wonder whether the effects of
radiation on mitosis and on the synthesis of the
nucleic acids are separate entities or whether
there is some artifact in the way we obtain our
data or in the manner in which we interprete the
results.
DR. STEPHEN ROTHMAN (Chicago, Ill.): Like
the previous speakers I do not believe one can
claim that there has been no biochemical change
under the influence of radiation if there has been
a profound influence on mitosis. It probably was
meant that no biochemical changes were demon-
strable.
DR. I. A. BERNSTEIN (Ann Arbor, Michigan):
This was not meant to be part of the paper. I just
wanted to indicatc briefly our very early results.
We can not say, Doctor Rothman, that exposure
to small dosage of radiation results in no effect
on nucleic acid synthesis but we can say that
we are not seeing any effect by our method of
observation.
Dn. HERMANN PINKUS (Monroe, Michigan):
Only because Dr. Bernstein mentioned that there
are some discrepancies and unexplained points,
I would like to question Dr. Fukuyama about
her methods of counting on the basis of personal
experience with counting in human epidermis.
If sections are cut as thin as four microns, most
of the dividing cells are sliced into two or three
parts as the diameter of the mitotic figure is at
least 8 microns.
Also, it is known that mitosis, particularly in
rat and mouse skin, occur in phases and cycles.
More mitoses are found at certain times of the
day and they are grouped in small areas in the
skin while other stretches of epidermis may con-
tain no mitoses at all. One has to count a fairly
large area of skin in order to average out these
cycles. Without questioning Dr. Fukuyama's
results, I wonder if these difficulties have been
taken into consideration?
DR. KIMIE FUKUvAMA (in closing): Dr. Pinkus,
we counted the mitoses in 1 cm. sections of both
the ventral and dorsal sides of the skin. Three
sections were made from each side. The values
obtained from these sections were quite similar,
and we have reported their average as the number
of mitoses observed in each animal.
